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ABSTRACT 
 
Pneumatic conveying is being widely used by industry for their conveying system and the most 
critical problem that the system has is the corrosion of the pipeline. Some of the many engineers 
has develop a solution order to reduce the corrosion rate of the pipeline that is to increase the 
diameter of the pipe with objective to reduce the flow velocities as the flow velocities 
contribute the most in corroding the pipeline. By using Fluent 6.3.26 simulation program, 
‘Eulerian’ Computational Fluid Dynamic (CFD) model, simulating the movement of the 
particles is possible and by varying the three different pipeline geometry; single bore, abrupt 
step, and gradual step, constructed using Gambit 2.4.6 from a pipe bore of 75-100 mm. The 
flow behaviour of plug of material passing through the pipeline is investigated. With 5x10-3 s 
time step, the solid volume fractions is recorded at 0.01 s of flow time at the point of 
enlargement and visualised throughout the pipe. Supported by 5 m/s air flow, the plug 
movement is illustrated showing that there is a potential of stagnant zone formation with the 
abrupt step enlargement geometry, and on the other hand, the gradual step shows a smooth 
dispersed particle flow without any potential of stagnant zone formation. 
 
Key words: pneumatic conveying, Computational Fluid Dynamic (CFD), dense phase, dilute 
phase, enlargement geometry 
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1 INTRODUCTION 
1.1 Introduction and Problem Statement 
A pneumatic conveying system transfers powders, granules, and other dry bulk materials 
through an enclosed horizontal or vertical conveying line. The motive force for this transfer comes 
from a combination of pressure differential and the flow of air (or another gas) supplied by an air 
mover, such as a blower or fan. By controlling the pressure or vacuum and the airflow inside the 
conveying line, the system can successfully convey materials. (Nol-Tec, 2014). 
 
Pipeline enlargement in pneumatic conveying systems can be an advantages in reducing the 
pipeline erosion, product degradation and flow resistance (Klinzing, Rizk, Marcus, & Leung, 2010; 
Mills, 2004). This phenomenon is mainly due to the pipeline enlargement or increasing the pipeline 
cross sectional area at the same time may reduce the conveying gas flow velocity and increasing 
the pressure. The main approach of the system is of course the high pressure flow resulted from 
the conveying gas flow velocity reduction in the dilute phase conveying system (Zhang, Zhang et 
al., 2010), where a large portion of excess energy is used to overcome the friction experienced by 
the gas phase (conveying gas). This system can also be applied on the dense phase conveying 
system to prevent plug from reaching high velocity that has the potential in damaging the pipeline 
and system component. 
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1.2 Problem Statement and Motivation 
The use of stepped pipeline enlargement in pneumatic conveying systems can be an 
advantages in reducing the pipeline erosion, product degradation and flow resistance (Klinzing, 
Rizk, Marcus, & Leung, 2010; Mills, 2004). This phenomenon is mainly due to the pipeline 
enlargement or increasing the pipeline cross sectional area at the same time may reduce the 
conveying gas flow velocity and increasing the pressure. The main approach of the system is of 
course the high pressure flow resulted from the conveying gas flow velocity reduction in the dilute 
phase conveying system which can be installed for over 1 km long (Zhang, Zhang et al., 2010), 
where a large portion of excess energy is used to overcome the friction experienced by the gas 
phase (conveying gas). This system can also be applied on the dense phase conveying system to 
prevent plug from reaching high velocity that has the potential in damaging the pipeline and system 
component. 
 
However, interestingly that the note from early works from D.Mills, (2004) shows that there 
is a potential benefit of increased production rate by using lower velocities flow and higher 
material feed rate by using dense phase conveying system where proportionally less energy is 
required to overcome the resistance (D.Mills, 2004). 
 
This research is to apply the same method of pipeline size increment onto the dense phase 
pneumatic conveying system in reducing the conveying gas flow velocity and at increase the flow 
pressure at the same time to reduce in the damage on the conveying system. The problem that 
currently occur when involving moving particle is that the corrosion of the pipeline due to high 
velocity of particles moving inside the pipeline due to the frictional forces that has been occur with 
the pipeline wall can damage the wall resulting in decreasing performances and frequent 
maintenance. 
 
 The treatment of a single (gas phase) passing through an abrupt or gradual enlargement is 
founded in standard texts, while some work has been published on gas-particle flow in the dilute 
phase region (Huang et al., 2009). 
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 The detail of the flow behaviour of dense phase plugs in passing through a step may affect 
the overall pressure loss and there is the potential for the formation of ‘stagnant’ zones (blockage) 
at the location of the step or the plug may de-aerate which can potentially block the pipeline. These 
aspects did not seem to have been covered in the literature, and some initial work in CFD 
simulation using Fluent 6.3 (Fluent Inc., 2006) and Euler-Euler model applied to three pipeline 
geometries: single bore, abrupt step, and gradual step, is reported. Thus, this research is to find the 
dense phase plug behaviour by enlarging the pipeline by step in three different geometries. The 
findings are discussed in result and discussion section in terms of solids flow behaviour (solids 
volume fraction) and related velocities (Don McGlinchey et al., 2012). 
1.3 Objective of the Case Study 
 The main objective of this case study is to reduce the velocity movement of a particle inside 
the dense phase pneumatic conveying by investigate the effect of enlarging the cross sectional area 
of the dense phase pneumatic conveyor by using three different geometry, that is; single bore, 
abrupt step, and gradual step, to illustrate and project the particle movement inside the conveying 
line, and the solid volume fraction at the end of the enlargement point of the pipeline under the 
same operating conditions. 
1.4 Scope of the Research Study 
The scope of this study are mainly to study and investigate the effect of pipeline enlargement 
against the particle movement by using three different enlargement geometry, that is; single bore, 
abrupt step, and gradual step. The method in running this research is by using CFD modelling 
work, which are by using the two computational softwares, Gambit 2.4.6 and Fluent 6.3.26. The 
operating conditions for all geometries are limited to single operating condition. The particle size 
is 2.5x10-5 m with density of 2500 kg/m3 . The pipeline length is 3 m where the initial bore is 0.075 
m and the final bore is 0.1 m. The time step of the simulation is 5x10-3 s which is the simulation 
results are obtained in every 1x10-2 seconds. 
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1.5 Hypothesis 
This study is expected to improve the current form of pneumatic conveying by enlarging the 
pipeline diameter by using three different types of geometries by using CFD method in studying 
the fluid movement mechanics inside the pipeline of the conveyor to study in which type of 
enlargement can tackle the most effective problem solver of the plug inside the pipeline of the 
dense phase pneumatic conveying system. Gambit 2.4.6 is used as a medium to construct the 
pipeline geometry and mesh while Fluent 6.3.26 is used to transfer the constructed pipeline 
geometry to run the simulating program under programmed operating conditions. 
1.6 Main Contribution on This Case Study 
The following is the contributions I obtained along this semester doing this thesis: 
• Main contribution was prior to my supervisor’s guidance and support in handling and 
helping me in learning on how to make this thesis a successful thesis and deep study on 
using CFD simulation software, Gambit and Fluent. 
• Study the different types of flow inside the dense phase pneumatic conveying pipeline and 
compare in between those three types of enlargement to be applied to future pneumatic 
conveyor. 
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1.7 Organization of the Thesis 
The structure of the thesis from beginning to the end is outlined as follow: 
 
Chapter 2 is the study on the pneumatic conveyor background and the previous research that has 
been done on this type of conveyor to further improve its performance for further usage. An 
overview about CFD software used in this project, such as Gambit and Fluent software, which are 
used to design geometry, mesh, calculate, simulate and finish this project and comparison between 
pneumatic conveying with other conveyors that has been used in the industries. 
 
In Chapter 3 gives a review on the modelling method and procedure to work on this study. Most 
of the modelling method is being implemented in the simulation process where the geometrical 
design, mesh design and computational domain is being simulated. Results is compared with the 
different types of geometrical pipeline expansion and the flow of the particles inside the pipeline. 
 
Chapter 4 illustrates the main findings of this study and the result outcome for the study and the 
results is supported by original researcher study. It gives out the images of particle flows inside 
the pipeline with their own boundary condition for the simulation programming.  
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2 LITERATURE REVIEW 
2.1 Definition of Pneumatic Conveying 
 Pneumatic conveying system is mainly affected by controlling the pressure of the system. 
The differential pressure along a pipeline moves a bulk material along with the air as the air will 
likely moves towards the area from high pressure to lower pressure. This can be done with a 
vacuum inducer, or compressed air being injected into one end of the pipeline to create a pressure 
different inside the pipeline for continuous flow of the system (Steele, 2005). 
 
 Pneumatic conveying provides several advantages over the mechanical conveying. A 
pneumatic conveying system can be configured with bends to fit around existing equipment, giving 
it more flexibility than a mechanical conveyor with its typically straight conveying path. This also 
means the pneumatic conveying systems occupy less space than a comparable mechanical 
conveyor. The pneumatic conveying system is totally enclosed, unlike many mechanical 
conveyors, which enables the pneumatic system to contain dust. The pneumatic conveying system 
typically has fewer moving parts to maintain than a mechanical conveyor (Noc-Tel, 2014). 
2.2 Dilute Phase and Dense Phase Pneumatic Conveying 
 Pneumatic conveying is divided into two types which is a dilute phase pneumatic conveying 
(low pressure) and dense phase pneumatic conveying (dense phase) systems. Dilute phase 
pneumatic conveying systems utilize the differential pressure which is less than 1 atmospheric 
pressure (atm). The system use either positive or negative pressure to either push or pull the martial 
through the pipeline (conveying line) at relatively high velocity of air flow. They are described as 
low pressure with high velocity systems which have high air to material ratio (Steele, 2005). 
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Figure 2.1: Dilute Phase Pneumatic Conveying 
 
 On the other hand, dense phase pneumatic conveying systems utilize the differential pressure 
which is more than 1 atmospheric pressure (atm). The system use positive pressure to push the 
material through the pipeline (conveying line) (Steele, 2005). 
 
Dense phase pneumatic conveying system is a gentle way to convey or transfer difficult, 
abrasive, friable and mixed-batch materials by pushing the material through along the pipeline in 
a plug form at relatively low velocities. The advantages in using the pneumatic conveying systems 
is that it can reduce the rate of erosion, product degradation and flow resistance primarily due to 
the basic physics study by reducing the conveying gas velocity following an increase in the pipe 
cross sectional area (Nol-Tec, 2014). 
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Figure 2.2: Dense Phase Pneumatic Conveying 
 
 The benefits of this approach are obvious for a high-pressure dilute phase conveying 
system which can be installed for over 1 km long inside a system. A large portion of energy 
available from the fan or pump is used to overcome the friction experience by the gas phase. This 
may be appropriate for dense phase system in order to prevent plugs or pipeline from reaching 
high velocity with the potential in damaging the components and support system. Pneumatic 
conveying system has the potential to increase the production rate at lower velocities and higher 
solids feed. For example, a dense phase conveying proportionally need less energy to overcome 
the resistances to flow (Zhang et al., 2010). 
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2.3 Pipeline Enlargement 
 The use of stepped pipeline enlargement in pneumatic conveying systems can be an 
advantages in reducing the pipeline erosion, product degradation and flow resistance (Klinzing, 
Rizk, Marcus, & Leung, 2010; Mills, 2004). This phenomenon is mainly due to the pipeline 
enlargement or increasing the pipeline cross sectional area at the same time may reduce the 
conveying gas flow velocity and increasing the pressure. This approach may also be appropriate 
for dense phase systems, for example, to prevent plugs from reaching high velocity with the 
potential of damaging system components and supports. 
 
 The benefits of this approach are obvious for high-pressure dilute phase conveying systems 
where a large portion of the available energy is used to overcome the friction experienced by the 
gas phase (Don, 2012). There is the potential benefit of increased product throughput at lower 
velocities and much higher solids loadings where proportionally less energy is required to 
overcome the resistances to flow (Mills, 2004). 
2.4 Product Flow Rates and Air Mass Flow Rates 
Figure 2.1 gradually explain the effect of product flow rates against air mass flow rates for 
a single bore pneumatic conveying system which lead to the solid lines show equal line pressures, 
and dashed lines show stated solids feed ratios, which is the ratio of mass flow rate of solid feed 
over mass flow rate of air. At points covering a broad range of conveying conditions are number 
which give the ratios of the mass flow rate of product found in a system with a step in pipeline 
bore (mp one step) over the mass flow rate of product measured in the same line pressure and 
solids feed or loading ratio in single bore line (mp single bore) (Mills, 2004). As shown in Figure 
2.1 (reproduced from historical experimental data by D. Mills at Glasgow Caledonian University), 
the solids mass flow rate through the conveying system with a single step is approximately double 
that from a system with exactly the same layout and route but with a single bore pipeline, and this 
can increase the spans of the entire range of conveying conditions from dilute to dense phase 
covering the experimental data. 
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Figure 2.3: Effect on product mass flow rate of introducing a step in the conveying line (Mills, 2004). Solids 
lines of conveying line pressure drop (bar); dashed lines of constant solids loading ratio (-) 
2.5 Why pneumatic conveyor? 
2.5.1 Pneumatic Conveyor vs Screw Conveyor  
 Table 2.1 briefly discuss on the advantages of pneumatic conveyor over screw conveyor. 
These two conveyors are mainly used in industry as their transportation line system. Both have 
their own pros and cons but this research gives the mainly advantages in pneumatic conveyor 
(Flexicon Corporation, 2014). 
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Table 2.1: Advantages of Pneumatic Conveyor over Screw Conveyor 
 
 
Pneumatic Conveyor Screw Conveyor 
 Can support long distance transport 
 High initial cost but low maintenance cost 
and cheap operating for long period of 
time 
 Can support multiple material sources 
 Can transfer to multiple material 
destinations 
 Conveyor routing can be organized and 
indirectly transfer material from source to 
destination 
 Material can be evacuated from 
conveying system 
 Can transport large amount of material 
 Can transport material without damaging 
the system and the material transported 
 Can only support short and medium 
distance transport 
 Low initial cost but costly maintenance 
 Can only support one material source 
 Can transfer to multiple material 
destinations 
 Need a direct routing of material source 
and destination for installation 
 Material is transported directly to the 
destination and cannot be evacuated 
without shutting it down 
 Can transport limited amount of material 
 Can transport a large amount of material 
but very limited due to it can damage the 
system and the material transported 
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2.6 Previous Work on Pneumatic Conveying 
The summary of published literature listed in Table 2.2 shows a few attempts of researcher 
in the study of pneumatic conveying system. A review by Marcus et al. (1990) provides an 
extensive list of ca. 300 types of materials that is suitable for pneumatic conveying with different 
particle properties, such as size, size distribution, shape, density and surface hardness. Several 
aspects of gas-solid suspension behaviour in pipes of different sizes and materials by varying the 
operating conditions are reported in the literature (Sankar and Smith, 1986; Laouar and Molodtsof, 
1998; Molerus and Heucke, 1999; Costa et al., 2000).  
 
Jiang et al. (1994) studied the influence of particle size on the fluid dynamic characteristics 
for the transport system by using low density polymeric particles (660 kg/m3) and a mean size 
ranging from 90 to 500 mm. For comparison, more experiments were carried out with Fluid 
Cracking Catalysts (FCC) (dp = 89 mm) and glass beads (dp=2000 mm) and with mixtures of 
different particles were also carried out. The results indicate in significantly wider operating range 
for the fast fluidization regime and enhancement of fine particle holdups in a bed with coarse 
particles. A mechanical model considering particle-particle collision was proposed (Jiang et al.; 
1994) to explain the enhancement of fine particle holdups observed experimentally. 
 
The transport of several types of coarse particles in horizontal tubes was studied by Molerus 
and Heucke (1999). In order to further study on how particle-fluid interactions affect flow regime 
and pressure loss in pneumatic transport, the authors carried out experiments in which several 
significant parameters were used as variable, including diameter of the transport tube, static 
pressure, particle and fluid densities, particle size and gas and solids flow rates. From all the 
parameters studied, particle size was found to be the least relevant. 
 
However, interestingly that the note from early works from Mills (2004) shows that there is 
a potential benefit of increased production rate by using lower velocities flow and higher material 
feed rate by using dense phase conveying system where proportionally less energy is required to 
overcome the resistance (Mills, 2004). 
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Table 2.2: Summaries of Previous Literature Study on Pneumatic Conveying 
 
 
Author Previous Works/ Research Parameter Main findings 
Marcus et al., 
1990 
Study on the effect of different 
types of materials, particle size, 
particle properties, size, 
distribution, shape, surface 
hardness and density on 
pneumatic conveying. 
• Prediction/assumption 
based on no author has 
proposed a general 
model that involve all 
variables 
Gas-solid transport is 
affected by the 
properties of the 
solids and by the 
riser characteristics 
Sankar and Smith 
et al., 1986 
Study on solid suspension 
behaviour of pipe with different 
sizes and material. 
• Particle size = 96-
637µm 
• Glass beads, sand, 
steel shots 
 
Particle size has 
significant effect 
than particle density 
Jiang et al., 1994 Influence of particle size on 
fluid dynamic characteristic for 
transport by using polymeric 
particles, fluid cracking 
catalysts, glass beads and 
mixtures.  
• Particle size = 90-
500µm 
• Particle densities = 
660 kg/m3 
• Other particle type = 
FCC (dp=89 µm) and 
glass beads (dp=2000 
µm) 
Fast fluidization 
regime and 
enhancement of fine 
particle holdups in a 
bed with coarse 
particles 
 
Molerus and 
Heucke, 1999 
Coarse particles, flow regime, 
and pressure drop in horizontal 
tubes affected by particle-fluid 
interactions. 
• Varying diameter of 
the transport tube, 
static pressure, particle 
and fluid densities, 
particle size and gas 
and solids flow rates 
Particle size variable 
was found to be the 
least relevant 
Mills, 2004 Effects in lowering the flow 
velocities can increase the 
production flow rate. 
• Enlarging the pipeline 
diameter to reduce air 
flow rate 
Reducing the air 
flow rate can 
increase the moving 
force pressure 
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2.7 Computational Fluid Dynamics (CFD) 
 Computational fluid dynamics, also known as CFD, is a branch of fluid mechanics that uses 
numerical methods and algorithms to solve and analyze problems involving fluid flows. 
Computers are used to perform the calculations required to simulate the interaction of liquids and 
gases with surfaces defined by boundary conditions. Computers with high processing speed may 
yield better results and solutions. Software is used to increase the accuracy and speed for complex 
calculation and simulation such as transient or turbulent fluid flow.  
 
 CFD can also predict the fluid flow, heat transfer, mass transfer, chemical reactions, and 
related phenomena by solving the mathematical and numerical equations which govern these 
processes using a numerical processes and iterations. Claude-Louis Navier and George Gabriel 
Stokes introduced viscous transport into the Euler equations, which resulted in the Navier–Stokes 
equation based on current CFD. Richardson (1991) developed the first numerical weather 
prediction system when he divided physical space into grid cells and used the finite difference 
approximations of Bjerknes's “primitive differential equations”. The earliest numerical solution 
for fluid flow past a cylindrical pipe was carried out by (Thom et al., 1993).  
 
 Thus, CFD was developed from the pioneering efforts by (Richardson et al., 1991, Thom et 
al., 1993, Courant et al., 1928, Southwell et al.1940, Neumann at al., 1950), who in their 
endeavours to procure insight into fluid motion producing the development of powerful numerical 
techniques that can describe all types of fluid flow (Shang et al., 2004). The theoretical division of 
NASA contributed many numerical methods, and Spalding with his colleagues in developing many 
codes and numerical method algorithms (Runchal et al., 2003). Commercial CFD codes began to 
widely known and used from the early 1980s. During the last 30 years, a market for commercial 
CFD software began to grow quickly, and the commercial CFD software is used in almost all 
engineering working fields and calculations (Fluent et al., 2003). CFD is based on three principle 
numerical approaches – the Finite Difference Method (FDM), Finite Element Method (FEM) and 
Finite Volume Method (FVM). Finite difference (FD) discretization is known as the earliest 
method used and is based on the application of polynomial, Legendre polynomial, Fourier and 
Taylor series expansions to represent many ordinary differential equations (ODE) (Peiro et al., 
2005).  
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 This scheme motivated the use of an integral form of partial differential equations (PDEs) 
and automatically helping the development of the next numerical approaches, Finite Element 
(FEM) and Finite Volume techniques (FVM). Current CFD mainly uses the FEM and FVM 
method rather than the FDM, which has the limitation in handling complicated designs and 
geometries. Finite Element (FE) discretization divides up the region into a number of smaller 
regions which for the computational domain is based on a piece of wise approximation and 
assumption of the solution. The PDEs used in solving the numerical equations are typically 
obtained by restating the conservation equation in a weak formulation (Ferziger et al., 2002, Kumar 
et al., 2009). This solving process was established by the Galerkin method. Finite Volume (FV) 
discretization is based on an integral form of the PDE to be solved, with the values of the conserved 
variables averaged across the volume. The PDE is written in a form which can be solved for a 
given finite volume (or cell). The computational domain is discretized into finite volumes, and 
then for every volume the governing equations are solved (Ferziger et al., 2002, Ahmad N et al., 
1998). 
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2.8 Fluent 
 This project uses Fluent 6.3.26 as the major simulation software used to calculate and 
simulate the entire simulation process of the process by calculation using iterations of finite 
numerical methods where the 3-Dimensional pipeline geometry construction and design mesh is 
constructed by using Gambit 2.4.6 computer software. The pipeline designed and mesh then 
extracted to be used by Fluent as their calculating medium in simulation. Fluent, one of the 
commercialized CFD software package, is based on a finite volume method approach. This 
software solver uses cell-centred finite volumes. In cell centred schemes, the flow variables are 
stored at the centres of the mesh elements (Fluent et al., 2003). Fluent focused in offering several 
solution approaches and the final results desired by the user (density-based as well as segregated 
and coupled pressure-based methods).   
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2.9 Gambit  
 Other than Fluent, this project require Gambit computer software as the main geometry 
design and generate mesh of the pipeline to be use as the medium inside Fluent, a computational 
software. Other than Gambit to generate the geometry, there are other software that can do the 
same such as AutoCAD and Google Sketch Up. Gambit is used in this project as a tool to generate 
or import geometry as it is widely used by engineer in engineering so that it can be used as a basis 
for simulations runs in Fluent. Thus, Gambit is used rather than other software as the main program 
for generating pipeline geometry design. With geometry in place it generates a mesh for the surface 
and volume of the geometry allowing it to be used for computational fluid dynamics. Fluent is a 
“Flow Modelling Software” that is used to model fluid flow within a defined geometry using the 
principles of computational fluid dynamics. Unlike Gambit, it utilizes a multi-window pane system 
for displaying various configuration menus and grids instead of a single window with several 
embedded sub-windows restricted within the space of the parent window. Fluent is able to read 
geometries generated in Gambit and model fluid flow within them. It can model various scenarios 
using computational fluid dynamics, including compressible and incompressible flow, multiphase 
flow, combustion, mass and heat transfer. 
2.10 Mesh Design 
 Grid generation is a key issue in flow simulation as it governs the stability and accuracy of 
the flow predictions. For the present case, flow of plug through pipeline, is structured to three 
pipeline enlargement geometries; single bore, abrupt step, and gradual step. Figure 2.4 shows the 
example of pipeline mesh designed using Gambit to be use later in Fluent simulation. 
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Figure 2.4: Sample of typical geometry, boundaries and unrefined mesh 
 
 
  
